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Abstract
Because of possible problems with previous 
intelligence tests, ie., mean differences across 
demographic groups, currently researchers are 
investigating tne use cl elementary cognitive tasks 
(ECT's) as possible measures of intelligence. In order 
for a task to be a good measure of intelligence it must 
be homogeneous across responses, stable across time, and 
stable across different contents. This study 
investigated one of the proposed ECT's, the Sternberg 
(1966) task, on these three dimensions. The task was 
found to be moderately homogeneous across responses, 
mostly unstable across time (one week), and moderately 
stable across contents (letters, numbers, words, and 
symbols were used).
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Homogeneity and Stability of Sternberg Task Performance
Recently, experimental psychologists have become 
interested in individual differences in human 
performance. One specific area manifesting this interest 
is the study of individual differences in cognitive 
information processing tasks. These differences are 
often assumed to represent stable individual differences 
in abilities.
Recent dissatisfaction with traditional measures of 
intelligence has led to a search for alternative 
measures. The reasons for this dissatisfaction are 
several. First, traditional measures appear to be 
influenced by variables such as academic training, 
cultural background, race, and gender. Mean differences 
on the traditional measures have been found across these 
different demographic groups. Although these findings do 
not necessarily support an interpretation of measurement 
bias, they have led researchers to explore other 
possibilities. Second, there is the assumption, 
prevalent in many contemporary approaches, that in order 
to measure ability, it must be broken down to the most 
basic, molecular level of cognitive components and 
processes (Carroll, 1980; R. Sternberg, 1977). Reaction
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time based elementary cognitive tasks (ECT's) are assumed 
to measure only these elementary cognitive abilities. 
ECT's are thought to be content-free (Roznowski, 1987), 
and therefore, individual differences in performance on 
these tasks may be less influenced by background, 
experience, and academic training.
Types of ECT's Investigated 
Many ECT's have been used in investigations of 
cognitive information processing. These range from 
simple and choice reaction time to episodic memory to 
lexical access speed. Simple and choice reaction time 
involve one reaction to any stimulus (simple) or 
different reactions to different stimuli (choice). 
Episodic memory is "measuring latency and accuracy of a 
response Y that is typically based on an identical, or 
simple transformation, of a stimulus X" (Roznowski, 
1987). Digit span is an example of episodic memory. 
Lexical access speed includes the Posner letter 
comparison task (Posner & Mitchell, 1967), Collins and 
Quillian's fact retrieval task (Collins & Quillian, 
1969), and Sternberg's short-term memory task (Sternberg, 
1966).
Problems with Previous Studies
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Although the search for alternative measures of
6intelligence has led researchers to investigate 
elementary cognitive processes (Carroll, 1980? R. 
Sternberg, 1977; Rozncwski, 1987), few studies have in 
fact explored individual differences in performance of 
cognitive tasks. Nor have these studies determined 
whether individual differences in these cognitive 
information processing measures are related in a reliable 
way to important differences in intellectual ability 
(Roznowski, 1987).
The research that has been conducted is flawed in a 
number of ways. First, most studies have ignored the
need for adequate reliability checks. Tne studies that 
do assess reliability look only at internal consistency 
(homogeneity) not at reliability over time (stability). 
Rose (1974) and Rose and Fernandes (1977) did examine 
stability, but only over a 24 hour period. A longer 
test-retest period is needed as in Roznowski's study 
(1987) in which a two week period was used.
Second, individual differences in elementary 
cognitive processing have been assumed to be independent 
of stimulus content because these tasks depend only on 
the latency of a response to a simple stimulus. However, 
one source of individual differences that has been 
theorized is overall experience with stimulus content
Sternberg Task Performance
7
(Richards & Platnick, 1974). A heterogeneous set of 
items would diminish these effects of experience.
The Sternberg Task
One of the many ECT's that have been used in 
investigations of cognitive information processing is the 
Sternberg task. The Sternberg task has traditionally 
been used to infer cognitive processes cf short-term 
memory and cognitive information processing ability. 
Sternberg created this task (1966) to study the effect 
that the number of elements in memory has on response 
latency. The task involves judging the presence or 
absence of a probe or test item in a memorized list. The 
subject is presented with a list of usually one to seven 
items, termed the positive set, to memorize. After a 
brief delay (usually two seconds) , a probe item is 
presented that is either in the positive set or the 
negative set (ie. all other possible items not in the 
positive set). The subject must then decide as quickly 
as possible whether to make a positive response (item is 
in the positive set) or a negative response (item is in 
the negative set). For example, if the positive set 
consisted of the integers 1, 5, 2, and 6, and the probe 
item was 5, a positive response would be required by the 
subject. Reaction time is measured from the onset of the
Sternberg Task Performance
8
probe item to the response.
Two variations of this task are possible. One is
the fixed set procedure, in which the same memory set is 
used over many trials. The other is the varied set 
procedure in which a new memory set is learned for each 
trial.
Memory processes may be described, at least in part, 
by the Sternberg paradigm. When reaction time is plotted 
as a function of the number of items in the positive set, 
a positive linear function results (Sternberg, 1966, 
1969, 1975).
Each additional unit added to the memory set adds 
another unit to the response latency. This suggests a 
serial scanning process in which each item is compared 
separately to the probe item until either a match is made 
or the entire positive set is searched. Because the 
function of reaction time on positive and negative 
responses has been found to increase at the same rate, an 
exhaustive scanning process is assumed (Sternberg, 1975) . 
If a self-terminating search process were taking place, 
the positive response function would increase at one-half 
the rate of the negative response function assuming that 
only half of the positive set would have to be searched, 
on the average, before a positive response could be made.
Sternberg Task Performance
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The entire set would have to be searched each time before 
a negative response could be made. The zero-intercept of 
the reaction time function reveals the latency of all 
processes other than the comparison process (i e ., 
encoding time, response time).
This Study
The present study investigated the Sternberg task 
from a psychometric perspective. The study investigated 
the assumption that it may be used as one of a number of 
ECT's used to measure ability. For the Sternberg task to 
be included in a battery of ECT's used in the measurement 
of ability, it must be proved to be 1) homogeneous within 
sessions, within contents 2 ) stable across time 
(sessions), and 2 ) stable across contents.
This study used four stimulus contents: letters,
numbers, symbols, and three letter words, in order to 
assess the stability of responses across contents. 
Subjects were tested twice with a one week delay in order 
to determine stability of responses over time.
METHODS
Selects
Subjects consisted of 38 female and 40 male 
University of Illinois undergraduates enrolled in an 
introductory psychology course. Subjects received
10
partial fulfillment of a requirement for the course by 
participating in the experiment. Subjects were required 
to have normal or corrected-to-normal vision and all were 
right handed.
Apparatus & Materials
Subjects were tested individually on ten IBM PC-XT 
micro-processors.
The simple and choice reaction time program and the 
Sternberg program were all presented sequentially on the 
PC's. All instructions to the task, along with key 
practice for both tasks were included in the program and 
were menu controlled.
The Sternberg task used the varied-set procedure and 
four types of stimuli. The numbers ^jro to nine, the 
letters U, A, T, Z, D, F, X, M, H, and J, the words bat, 
but, tub, tab, tap, ton, not, ten, net, and tin, and the 
symbols !, #, $, %, &, +, -, <, = , and ? were used as
stimulus sets. Set sizes were varied across 1, 3, , and
7 stimuli. Subjects made a positive response (probe item 
is in the memory set) by using the right hand, and a 
negative response (probe item is not in the memory set) 
by using the left hand.
Sternberg Task Performance
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Each subject was tested twice, one week apart, with
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the order of the Sternberg stimuli randomized over the 
two trials.
Before beginning the experiment, subjects were told 
that they would be participating in a reaction time study 
and they needed to react quickly but accurately.
In session 1, each subject completed first a series 
of simple reaction time tasks, then a series of choice 
reaction time tasks, where both programs terminated after 
five consecutive successful trials for each hand were 
completed. Then two complete sets of the Sternberg task 
were executed, each with a different set of stimuli. A 
set of the Sternberg program terminated after 64 
successful trials had been completed. Finally, each 
subject again completed the simple and choice reaction 
time task.
In session 2, subjects completed the simple and 
choice reaction time tasks, then completed three setn of 
the Sternberg task, with two of the three stimuli being 
the same as in the previous session, presented in 
counterbalanced order.
RESULTS
To examine individual differences in performance on 
the Sternberg task, the median reaction times (RT) of 
positive and negative responses for each set size of each
12
content were used for each subject to investigate the 
homogeneity and stability of this task. Median RT's were 
used in the analyses because they are less influenced by 
extreme reaction times than are mean RT's. Median RT's 
were assumed to be more stable measures than slopes and 
intercepts, so they were used in the first set of 
analyses. A slope of the regression of an individuals 
median RT's on set size and the resulting zero-intercept 
value were also calculated for each subject, to 
investigate differences between median RT and slopes and 
intercepts. Median RT's were thought to be more stable 
measures of performance. However, slope and intercepts 
for each subject are more frequently used by 
experimentalists and are assumed to be more valid 
indicatiors of short-term memory and information 
processing. The following analyses were repeated using 
slopes and intercepts.
Median RT
Homogeneity
The internal consistency of each content for 
positive and negative responses was investigated by 
calculating mean correlations across set sizes for both 
positive and negative responses within contents and 
within sessions. Mean correlations across set sizes were
Sternberg Task Performance
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found by calculating the correlations across set sizes, 
transforming those correlations to Fisher's Z scores, and 
finding the average of the £ scores. The Z scores were 
averaged within contents, sessions, and response types. 
The average £ score was then changed back to a 
correlation. The results of this analysis are shown in
Table 1.
Insert Table 1 about here.
No significant differences were found between 
positive and negative correlations in session one or 
session two. Mean correlations were low to moderate.
Figure 1 displays homogeneity for session one, while 
Figure 2 displays homogeneity for session two. 
Homogeneity across all tasks is more consistant in 
session two, suggesting practice effects lead to 
variations in responding in session one, but responses 
become more consistent in session two.
Insert Figure 1 & 2 About Here.
Stability Over Time
To investigate the stability of responses over the
14
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two sessions, median RT's from session one for positive 
and negative responses collapsed across set sizes were 
correlated with median RT's from session two for positive 
and negative responses, within each content. The 
resulting correlations were averaged and transformed to 
Fisher's 2 scores. The Z scores were then changed back 
to mean correlations. No significant differences were 
found between positive and negative mean correlations. 
Because no significant differences were found, positive 
and negative median RT's were then combined for each 
subject, and pearson correlations were found for these 
combined scores from session one to session two. Table 2 
shows mean and pearson correlations across the two 
sessions.
Insert Table 2 About Here.
Figure 3 displays graphically the stability of 
positive and negative responses over time. Figure 4 
displays the stability of responses when positive and 
negative responses are combined.
Insert Figures 3 & 4 About Here.
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Correlations Across Contents
The data were analyzed to detect differences in 
responses to different stimuli contents. Cronbach's 
alpha reliability was used to correct correlations for 
attenuation for each combination of contents (within each 
session). This correction for attenuation provided an 
estimate of the maximum possible correlations involving 
these variables. Pearson correlations were then found 
for each content combination, summed over positive and 
negative sets and set size. Unique variance was 
determined by taking the difference of the square of the 
actual correlation from the square of the maximum 
correlation. The variance left unaccounted for (unique) 
by the correlation is given in Table 3, as are the 
maximum and actual correlations. Actual correlations are 
much lower than maximum correlation, suggesting an 
average of 41% of the variance in session one is unique 
(ie, not shared between stimuli), while 27% is unique in 
session two.
Insert Table 3 About Here.
Figure 5 displays the actual correlations for
sessions one and two.
Sternberg Task Performance
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Insert Figure 5 About Here.
Because most previous studies used the slopes and 
intercepts of the regression of RT on set size as 
measures of information processing ability, these wore 
calculated for each subject, for both positive and 
negative responses, for each session. The analyses wort* 
repeated and are summarized below.
Slopes and Intercepts
Homogeneity
To investigate the degree of internal consistency in 
the slope and intercept measures, pearson correlations 
were calculated between slopes and intercepts of positive 
and negative responses within session one and session 
two, within contents. Table 4 shows these correlations. 
Positive and negative slopes and intercepts showed very 
low correlations. Figure 6 displays the low correlations 
for session one, while Figure 7 displays the same for 
session two.
Insert Table 4, Figure 6 & 7 About Here.
Sternberg Task Performance
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Stabilitv Over Time
Since slope and intercept showed low homogeneity, 
positive and negative responses were analyzed both 
separately and combined also. Session one slopes and 
intercepts were correlated with session two slopes and 
intercepts, for positive and negative responses 
separately and then using the two combined. Table 5 
displays these correlations.
Insert Table 5 About Here.
Figures 8 and 9 graph these correlations. The graph 
shows that positive and negative intercept correlations 
were consistently higher than relative slope 
correlations.
Insert Figures 8 & 9 About Here.
Correlations Across Contents
Because of the low homogeneity estimates, the 
estimate of theoretical maximum correlations were not 
estimated. Actual correlations were calculated and are 
displayed in Table 6.
Sternberg Task Performance
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Insert Table 6 About Here.
Stability of slopes across contents are shown in 
Figure 10, while stability of intercepts across contents 
are shown in Figure 11,
Insert Figures 10 & 11 About Here.
DISCUSSION
Results of this study indicate that median RT 
measures are more homogeneous and more stable over time 
and across contents than are measures of slopes and 
intercepts. By comparing Figure 1 with Figure 6 and 
Figure 2 with Figure 7, the higher internal consistency 
correlations for median reaction times over intercepts, 
but especially over slopes, can be seen. Median RT's 
showed higher stability correlations across time (Figure 
4 versus Figure 9) than intercepts, with slopes again 
showing the lowest correlations when positive and 
negative responses were combined. This is again evident 
when positive and negative reponses are separate (Figure 
3 versus Figure 8) . When correlations across contents 
are compaired (Figures 3, 10, & 11), again median RT
Sternberg Task Performance
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shows the highest correlations followed by intercept 
correlations and the slope correlations. However much 
better median RT measures seem to be than slope and 
intercept measures, the correlations found for median RT 
are lower than would be desired for the Sternberg task to 
be used as a measure of individual differences in 
cognitive ability.
Median RT's showed moderate internal consistency in 
session one and session two. Internal consistency ot 
slopes and intercepts was slightly lower. Median RT 
internal consistency correlations all were either .9 or 
.6 except for word content in session one. This could be 
due to the fact that these words were highly confusable, 
and perhaps more practice sessions may be needed for them 
than for other contents before performance stabilizes.
Internal consistency correlations for slopes and 
intercepts show a negative correlation for positive and 
negative slopes of the number content. Possibly this is 
caused by the fact that a set size of seven includes a 
perponderance of the possible items (ten, total) whereas 
the letter content could possibly contain 26 items, and 
the word and symbol contents are extremely large. Once 
seven items are displayed in the positive set, a probe 
item is much more likely to be in that set than not.
20
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Responses could be made much more quickly in this case as 
opposed to cases in which the total possible item 
contents are large.
Both slope and intercept measures and median RT
measures show extremely low stability ove ' time.
Correlations of .5 and .4 over time are too low to be
acceptable for a test of ability. These low stabilities, 
coupled with the moderate homogenity correlations, show 
that Ss momentary response sets: ie, fatique, motivation, 
interest in the task and familiarity with the testing 
equipment, have much to do with their performance on the 
task.
Correlations between contents were also found to be 
low. For median RT measures, session one shows an 
average of 41% unique variance between contents, while 
session two shows an average of 27% unique variance 
between contents. The difference between these averages 
of unique variance could be evidence of practice effects 
between session one and session two. In session two, 
performance stabilizes, and becomes somewhat more stable 
across contents. But the amount of variance unique to 
the different contents is low enough to be a source of 
concern.
Implications for Further Research
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The results of this study indicate that the 
Sternberg task is not a good measure of individual 
differences in cognitive information processing ability. 
The task is acceptable at the group level; it shows the 
effects of an experimental manipulation well. Although 
assumptions about memory processes are reasonable at the 
group level, the assumption that the task reflects 
individual differences in information processing is less 
warranted.
Different results may be obtained with a different 
sample, however. Since the subjects in this study had no 
stake in the outcome, they were not as motivated as a 
subject involved in a measure of ability where certain 
outcomes depend upon performance would be. Further
studies need to be done using more highly motivated 
subjects to determine if this would make a difference in 
the results.
Another problem arises with the number of practice 
sessions which shculd be given before testing begins. 
Since words contents seemed to show practice effects, 
perhaps more practice trials need to be given before the 
actual testing takes place. If subjects could be tested 
three times, instead of two, over the course of three 
weeks, the extent of practice effects could be better
Sternberg Task Performance
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Table 1
Sternberg Task Performance
Homogeneity of Median RT-- Within Session, Within Content
Mean Correlations Between RT's for Different Set Sizes
Session One Session Two
Positive Negative Positive Negative
Content Set Set Z Set Set Z
Number .52 . 67 (-1.03) .64 . 57 (.59)
Letter .65 . 61 (.27) .63 . 57 (.43)
Word .37 .47 (-.55) . 57 .60 (-.22)
Symbol .54 . 59 (-.33) .50 .57 (-.58)
No significant differences were found between mean 
correlations among RT's to different set sizes for 
positiveand negative sets.
Stability of Median RT
Table 2
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Across Session, Within Content
Sternberg Task Performance
Mean Correlation Positive & Negative
Positive Negative Sets
Content Set Set Z Combined
Number • 56 .48 .45 . 74
Letter .44 .42 .09 . 68
Word . 37 . 39 .11 . 63
Symbol .36 . 30 .27 . 51
Stability of Median RT
Table 3
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Within Session, Across Content
Sternberg Task Performance
Content
Maximum++
Correlation
Actual* 
Correlation
Unique
Variance
Session One
Word-Symbol .99 .42 82%
Word-Letter .99 .88 22%
Word-Number .99 .76 40%
Letter-Symbol .99 .90 18%
Letter-Number .98 .65 54%
Symbol-Number .99 .82 31%
Session Two average: 41%
Word-Symbol .98 • 00 31%
Word-Letter .98 .86 23%
Word-Number .98 .75 40%
Letter-Symbol .98 .81 16%
Letter-Number .98 3^*00+ 27%
Symbol-Number .38 .85 24%
average: 27%
++ Maximum correlations were estimated by estimating the 
correction for attenuation.
* Pearson correlation
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Table 4
Homogeneity of Slope & Intercept -- Within Session, 
Within Content (Across Positive and Negative Responses)
Pearson Correlations 
Session One Session Two
Sternberg Task Performance
Content Slope Intercept Slope Intercept
Number -.01 . 58 -. 10 . 37
Letter . 53 .74 . 38 . 56
Word . 39 .28 . 39 .44
. 37Symbol .53 .21 . 36
Sternberg Task Performance
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Stability of Slope & Intercept —  Across Session, Within 
Content
Table 5
Content Positive
Pearson Correlation 
Negative Pos
Number
slope . 15 .46 . 05intercept . 66 .62 . 66
Letter
slope .25 . 33 . 3 3intercept .32 . 33 .42
Word
slope .21 -.06 .21intercept .4? . 34 .60
Symbol
slope .29 . 02 . 3 0intercept .48 . 14 .42
Sternberg Task Performance
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Stabi1ity of Slope & Intercept -- Within Sessions, Acres 
Contents
Table 6
Content
Pearson
Correlation
Session One
Word-Symboi
slope
intercept
Word-Letter
slope
intercept
Word-number 
slope 
intercept
Letter-Symbol
slope
intercept
Letter-Number
slope
intercept
Symbol-Number 
slope 
intercept
am  Ion tm q
Word-Symbol
slope
intercept
Word-Letter
slope
intercept
.25 
. 16
. 52
. 70
.34
.71
. 4 5
. 65
. 54 
.74
. 21
.93
.47 
. 62
. 59 
.60
Table continued
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Table 6 continued 
Word-Number
slope .41intercept . 50
Letter-Symbol
slope .47intercept .72
Letter-Number
slope .47intercept . 69
Symbol-Number
slope . 38intercept .65
Sternberg Task Performance
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Figure Captions
Figure 1. Homogeneity of median RT for session one. Mean 
correlations calculated across set size, separately for 
positive and negative responses.
Figure 2. Homogeneity of median RT for session two. Mean 
correlations calculated across set size, separately for 
positive and negative responses.
Figure 3. Stability across sessions of median RT. Mean 
correlations calculated across set size, separately for 
positive and negative responses.
Figure 4. Stability across sessions of median RT. 
Pearson correlations calculated for positive and negative 
responses combined.
Figure 5. Stability across contents of median RT. 
Pearson correlations calculated separately for sessions 
one and two.
Figure 6. Homogeneity of slope and intercept for session 
one. Pearson correlations calculated for slope and 
intercept of each content.
Figure 7. Homogeneity of slope and intercept for session 
two. Pearson correlations calculated for slope and 
intercept of each content.
Figure 8. Stability across sessions for slope and 
intercept. Pearson correlations calculated for positive
Sternberg Task Performance
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and negative slope and intercept separately.
Figure 9. Stability across sessions for slope and 
intercept. Pearson correlations calculated for slope and 
intercept combined across positive and negative responses. 
Figure 10. Stability of slope across contents. Pearson 
correlations calculated within sessions.
Figure 11» Stability of intercept across contents. 
Pearson correlations calculated within sessions.
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Sternberg Task Performance
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